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Abstract 
 
Average speed enforcement is a relatively new approach gaining popularity throughout Europe and Australia. This paper 
reviews the evidence regarding the impact of this approach on vehicle speeds, crash rates and a number of additional road 
safety and public health outcomes. The economic and practical viability of the approach as a road safety countermeasure is 
also explored. A literature review, with an international scope, of both published and grey literature was conducted. There is 
a growing body of evidence to suggest a number of road safety benefits associated with average speed enforcement, 
including high rates of compliance with speed limits, reductions in average and 85th percentile speeds and reduced speed 
variability between vehicles. Moreover, the approach has been demonstrated to be particularly effective in reducing 
excessive speeding behaviour. Reductions in crash rates have also been reported in association with average speed 
enforcement, particularly in relation to fatal and serious injury crashes. In addition, the approach has been shown to improve 
traffic flow, reduce vehicle emissions and has also been associated with high levels of public acceptance. Average speed 
enforcement offers a greater network-wide approach to managing speeds that reduces the impact of time and distance halo 
effects associated with other automated speed enforcement approaches. Although comparatively expensive it represents a 
highly reliable approach to speed enforcement that produces considerable returns on investment through reduced social 
and economic costs associated with crashes. 
 
Keywords: Average speed enforcement; section control; point-to-point speed enforcement; trajectory control; speed 
cameras; speed enforcement; literature review; speeding; traffic law enforcement. 
 
1. Introduction 
 
There is a growing body of evidence confirming a positive relationship between increased vehicle speeds and increased 
crash risk and injury severity, with speed regularly cited as a major contributing factor in traffic crashes (Aarts & van 
Schagen, 2006; Kloeden, McLean, & Glonek, 2002; Kloeden, McLean, Moore, & Ponte, 1997; Lynam & Hummel, 2002). In 
addition, speed variation between vehicles has also been demonstrated to increase the risk of crash involvement (Cirillo, 
1968; Solomon, 1964; Transportation Research Board, 1998). Specifically, increased speed variation disrupts homogenised 
traffic flow, reduces headway distances between vehicles and increases the likelihood of conflict situations caused by 
human errors of judgement.  
 
Consequently, a number of speed reduction countermeasures have been developed and evaluated in terms of their ability to 
reduce speed-related fatalities and injuries. Such countermeasures generally fall into two categories, being the management 
of vehicle speeds and the enforcement of posted speed limits (Richter, Berman, Friedman, & Ben-David, 2006). Despite 
increases in both the range and intensity of approaches to speed enforcement over recent decades, a number of studies 
have suggested that speeding behaviour remains relatively commonplace (Allsop, 1995; Glendon, 2007) and is associated 
with a general social acceptability, particularly when it is perceived to not be excessive (Fleiter, Lennon, & Watson, 2010; 
Hatfield & Job, 2006).  
 
Moreover, drivers regularly adapt their driving behaviour, including their speeding behaviour, as speed enforcement 
methods evolve. Such behavioural modifications, which include but are not limited to site-learning and modifying behaviour 
only in the immediate vicinity of speed enforcement, serve to aid punishment avoidance through non-detection. A number of 
researchers have highlighted the influence of punishment avoidance on encouraging continued offending (Freeman & 
Watson, 2006; Piquero & Pogarsky, 2002; Stafford & Warr, 1993). Specifically, it has been suggested that punishment 
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avoidance may do more to reinforce speeding behaviour than punishment does to discourage it (Fleiter, Lennon, & Watson, 
2007; Fleiter, et al., 2010). Thus, there is a need to develop innovative approaches to speed enforcement that enable more 
widespread enforcement, and hence reduce opportunities for avoiding detection and associated punishments. 
 
Exceeding the speed limit, even by small amounts, has been found to be associated with substantial increases in crash risk 
and injury severity (Kloeden, et al., 2002) and even small reductions in vehicle speeds can produce significant reductions in 
crash outcomes (Nilsson, 2004). Therefore, reducing “low-level” speeding represents an important road safety goal. 
Furthermore, from a policy perspective, it is critical to continually demonstrate to an often sceptical public and media that 
speed enforcement initiatives are about achieving improved road safety, rather than revenue-raising for perceived  “minor” 
and “inconsequential” breaches of traffic laws (Australian Transport Council, 2011).  
 
Average speed enforcement1 is a relatively new and innovative technological approach to traffic enforcement that is 
increasing in popularity in a number of highly motorised countries. While the approach is most commonly implemented to 
enforce speed limits, similar technology has also been applied for the purposes of monitoring a range of other traffic 
offences, including lane and toll enforcement, access regulation, tracking of stolen vehicles, identification of unlicensed 
motorists, and even counterterrorism. This paper focuses on the implementation of average speed camera enforcement 
systems for the purpose of monitoring compliance with posted speed limits. 
 
Average speed enforcement involves the installation of a series of cameras at multiple locations along a road section (see 
Figure 1). An image of the number plate and/or vehicle and vehicle registration data is captured for each vehicle as it enters 
the system at the initial camera site, with additional images and data recorded at subsequent camera sites within the system. 
Automatic Number Plate Recognition (ANPR) and Optimal Character Recognition (OCR) technology is then used to match 
vehicle registration details. The average speed of a vehicle is calculated by dividing the certified and known distance 
between two camera sites by the time taken for the vehicle to travel between those two sites. If the corresponding average 
speed of a vehicle exceeds the legal posted speed limit for that road section, image and offence data are transmitted to a 
central processing unit from the local processor via a communication network. While most systems incorporate an 
enforcement tolerance, the specific threshold employed varies across jurisdictions. While there are capabilities for the back-
office of an average speed enforcement system to be fully automated, almost all current installations throughout the world 
involve some degree of human verification to assess the validity of detected infringements. Validated offences are 
subsequently issued an infringement notice and data on non-offending vehicles are typically erased within a specific time 
period2.  
 
<INSERT FIGURE 1 HERE> 
 
Figure 1. Basic diagram of an average speed enforcement system (Source: RedSpeed International personal 
communication). 
 
There are numerous additional options regarding the specific infrastructure characteristics of an average speed enforcement 
system. Specifically, the cameras can be forward or rearward-facing or both, which has implications for the types of vehicles 
detected and driver identification (e.g., forward-facing cameras cannot detect motorcycles given the absence of front 
number plates in some jurisdictions; rearward-facing cameras do not allow for driver identification). Cameras can also be 
mounted on overhead gantries (existing or purpose-built) or side-mounted on poles, and single or multiple cameras (e.g., 
scene and/or plate cameras) can be used to enforce single or multiple lanes, both of which can have implications for 
detection rates. 
 
To date, there is a paucity of research evaluating the effectiveness of this innovative approach to speed management and 
as such there is yet to be a consolidated attempt to review the available evidence. This research sought to address this gap  
by reviewing available evidence to evaluate the effectiveness of average speed enforcement, with an international scope, in 
relation to a variety of road safety and traffic-related outcomes including the impact on crash rates, speeding offence rates, 
vehicle speed profiles, traffic flow and congestion, and vehicle emissions and noise. In addition, driver perceptions of the 
approach and cost-benefit analyses were also reviewed. The specific objective of the research was to evaluate the current 
state of the evidence relating to the effectiveness of average speed enforcement to facilitate recommendations for 
implementation strategies and future research. 
                                                
1 Also referred to as point-to-point speed enforcement (Australia and New Zealand), section control or trajectory control (Netherlands, Austria, other 
European countries), or by the system used in a jurisdiction (e.g., Tutor – Italy; SPECS – United Kingdom). For the purposes of this paper, the term 
‘average speed enforcement’ will be used given that the use of this term is not typically restricted to a particular jurisdiction. 
2 Most often, it is the owner of the vehicle who receives the infringement; however a number of jurisdictions must identify the driver, who then receives the 
infringement. 
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1.1 Extent of the use of average speed enforcement throughout the world 
 
As part of the larger program of research on which this paper is based (Soole, Fleiter, & Watson, 2012), extensive 
consultations were conducted with key national and international road safety stakeholders. These consultations allowed us 
to determine the extent to which average speed enforcement is being, or has been, used. Information regarding 
implementation dates and specific characteristics of various systems employed in different countries was also collated 
during these discussions.  
 
Average speed enforcement was first operated in trial form in 1997 in the Netherlands and then as a permanent installation 
in 2002. Currently, there are 11 permanent average speed enforcement systems operating in the country. In England, 
average speed enforcement has increased considerably since an initial trial of the technology in 1999. The first full 
implementation of the technology occurred in Nottinghamshire in July 2000 and there are now dozens of permanent sites, 
including an extensive system involving over 80 cameras which recently began operating in an urban area of London. In 
addition, over 200 temporary systems have been operated in major road work schemes. Elsewhere in the United Kingdom, 
there is a single average speed system operating in Scotland on a 51.5 kilometre stretch of rural highway on the A77 in 
Strathclyde. There are also two systems operational in Northern Ireland. 
 
In Austria, the first implementation of average speed enforcement occurred on the A22 motorway in the Kaisermühlen tunnel 
near Vienna in August 2003. An additional three permanent installations have since been installed. In Italy, two distinct 
average speed enforcement systems are operational (i.e., Tutor and Celeritas). The Tutor system, introduced in 2005, 
covers approximately 2,900 kilometres of the motorway network, while Celeritas is less extensively operated and is more 
commonly used on rural roads. Approximately 200 independent sections of road are monitored, with the average length of 
enforced sections ranging from two to 40 kilometres.  
 
In Switzerland, a single permanent average speed enforcement system has been fully operational since January 2011, with 
another permanent system and a single mobile system currently under trial to. Similarly, Belgium is also currently trialling a 
single permanent system, while Finland and France have conducted previous trials. While limited information is available 
regarding the use of average speed enforcement in other European countries, it also appears that the technology is 
currently being used or trialled in Norway, the Czech Republic and Spain.  
 
The use of average speed enforcement is in its infancy in Australia and New Zealand. The technology was first implemented 
in Victoria in 2007 on a 54 kilometre stretch of urban motorway. Fully operational systems have also been installed in a 
number of other jurisdictions including Queensland, New South Wales and the Australian Capital Territory. However, in 
relation to New South Wales, it is worth noting that these systems currently only enforce heavy vehicle speeds, despite the 
systems having the capability to measure average vehicle speeds of any vehicle. Average speed enforcement is also being 
trialled in South Australia and New Zealand. Finally, average speed enforcement does not appear to have yet been 
implemented in North America. 
 
2. Materials and methods 
 
Relevant evaluation studies were identified through systematic searches of key road safety online research databases (e.g., 
ScienceDirect, Transportation Research Information Database [TRID], Australian Transport Index [ATI]), using an iterative 
search strategy with key search terms. In addition, the reference lists of all retrieved studies were searched and cross-
referenced for relevant studies. It became apparent early in the search process that there was a relative paucity of published 
research evaluating the effectiveness of average speed enforcement. Thus, to identify grey (unpublished) literature, 
extensive internet searches were also conducted, including the websites of key road safety organisations, police and 
transport authorities and speed camera technology manufacturers. Where feasible, key road safety stakeholders were also 
directly contacted to identify additional research that may have been conducted evaluating the effectiveness of average 
speed enforcement.  
 
From the outset, it is important to acknowledge the relatively poor levels of scientific rigour associated with the current body 
of literature evaluating average speed enforcement. Indeed, this low standard of rigour negated the opportunity for a 
meaningful assessment of study quality from which to further quantify the findings of the current study. Specifically, 
comparison/control sites have not been employed in any evaluations, confounding factors (e.g., exposure, regression-to-the-
mean) are rarely controlled for and statistical significance testing is typically not performed. Moreover, many studies 
represent non-independent research conducted by equipment manufacturers or the organisations responsible for the 
operation and management of the systems. Thus, the findings presented in the following section should be considered in 
light of these methodological shortcomings. 
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3.  Results 
 
The current paper provides a review of the empirical evidence regarding the impact of average speed enforcement on 
vehicle speeds and traffic crashes. In addition, the impact of the approach on vehicle emissions and traffic flow are also 
assessed, findings from driver surveys regarding motorist attitudes are discussed, and an overview regarding the reported 
cost-effectiveness of the approach is provided. To date, the majority of empirical research has originated from the United 
Kingdom, with a number of additional evaluation studies also conducted in the Netherlands, Austria, Italy and France. There 
is yet to be a formal evaluation of the effectiveness of average speed enforcement systems in Australia or New Zealand. 
 
3.1 Effects on vehicle speed 
 
Previous research has highlighted the road safety benefits associated with reducing absolute vehicle speeds (Aarts & van 
Schagen, 2006; Kloeden, et al., 1997). The results of the literature review conducted for the current study suggest there is 
considerable evidence of a positive influence of average speed enforcement on vehicle speeds, including average/mean 
speeds, 85th percentile speeds, the proportion of speeding vehicles in the traffic flow and speed variability (see Table 1). 
Specifically, average speed enforcement has been shown to reduce mean and 85th percentile vehicle speeds by up to a 
third, with speeds typically reduced to at or below the posted speed limit.   
 
Following on from these findings, numerous studies have shown that average speed enforcement is associated with very 
high rates of compliance with posted speed limits. Indeed, offence rates are typically reported to be less than 1%, even 
when daily traffic volumes are high. As such, studies have reported reductions of up to 90% in the proportion of vehicles 
exceeding the speed limit, with the enforcement approach demonstrated to be particularly effective in reducing excessive 
speeding behaviour (Gains et al., 2005; Schwab, 2006; Speed Check Services, 2008a; Transport Scotland, 2009).  
 
Speed variability between vehicles has also been shown to increase the likelihood of crash involvement (Cirillo, 1968; 
Solomon, 1964; Transportation Research Board, 1998). Due to the high degree of compliance associated with average 
speed enforcement, the approach has also been found to be associated with reduced speed variation due to the fact that 
the majority of motorists travelling on enforced sections of road travel at speeds close to the posted speed limit 
(Charlesworth, 2008; Thornton, 2010). Subsequently, such changes in vehicle speeds typically produce more homogenised 
traffic flows, improved traffic density and reduced journey travel times (see Section 3.3).  
 
Taken together, these findings suggest that average speed enforcement is an effective enforcement countermeasure for 
reducing vehicles speeds and for improving traffic flow by reducing speed variation through increased rates of compliance 
with posted speed limits. More importantly, the approach has been shown to be a particularly effect countermeasure for 
addressing high-range speeding behaviour. While there are a number of methodological limitations associated with the 
available evaluation literature (see Section 4 for a more detailed discussion), the consistency of the findings is encouraging. 
Moreover, the positive impact of average speed enforcement on vehicle speeds has been reported in association with both 
permanent and temporary systems employed in various countries throughout the world, including the United Kingdom, 
Australia, the Netherlands, Austria, Italy, France and the Czech Republic. 
 
3.2 Crash fatality and injury reduction 
 
The premise that speed enforcement countermeasures will reduce traffic crashes rests on the assumption that the approach 
has a meaningful effect on vehicle speeds. Thus, following from the evidence presented in the previous section, one might 
expect that the literature reveals crash reductions associated with the implementation of average speed enforcement. As 
can be seen from Table 2, the available research does indeed suggest reductions in all crash types, particularly fatal and 
serious injury crashes, with these results reported from evaluations conducted in the United Kingdom, Italy, Austria and the 
Netherlands and in association with both permanent and temporary systems. 
 
A number of evaluations originating from the United Kingdom have been conducted by Speed Check Services (now 
Vysionics), who are the primary manufacturer of average speed enforcement camera technology used in England, Scotland 
and Northern Ireland. These evaluations have investigated the impact of the approach on road crashes and related injuries 
in association with a number of installations across the country, typically using a naive before-after analysis approach with 
pre- and post-implementation periods ranging from two to eight years. The results of these evaluations demonstrate a 
decreasing trend in KSI (killed or serious injury) crashes after the installation of average speed enforcement in the 
magnitude of 33% to 85%. Reductions in minor injury crashes were also noted across a number of evaluations. However, it 
is important to note that statistical significance testing, the control of confounding factors (including regression-to-the-mean) 
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and the use of appropriate comparison areas were absent from all these evaluations (see Section 4 for a discussion of the 
implications of this).  
 
Other evaluations conducted in the United Kingdom have produced similar results. Data provided during stakeholder 
consultations relating to various average speed enforcement systems located throughout England and in association with 
the major system on the A77 in Scotland showed reductions in KSI crashes and collisions of up to 65%, with minor injury 
crashes also reduced by 20%. These findings are consistent with a number of additional evaluations conducted within the 
country showing reductions in injury crashes of up to 65%, including reductions in the rate of injury crashes per million 
vehicle kilometres travelled and the severity index of crashes (Collins, 2010; Highways Agency & Consultants, 2009; 
Keenan, 2002). 
 
Similar levels of crash reductions have been reported in association with evaluations conducted in Italy, Austria and the 
Netherlands. Specifically, in Italy across the entire road network, fatalities were halved, injury crashes significantly reduced 
by almost 40% and rate of crashes per million vehicle kilometres was reduced by 22% (Autostrade per l'Italia, 2009; 
Cascetta & Punzo, 2011; Galata, 2007; Punzo & Cascetta, 2010). In Austria, average speed enforcement in the 
Kaisermühlen Tunnel was reported to reduce all crashes by a third, KSI crashes by half and minor crashes by a third also 
(Stefan, 2006). Finally, in the Netherlands, average speed enforcement was associated with a 47% reduction in all crashes 
and 25% reduction in fatalities on the A13 (Kuratorium fur Verkehrssicherheit, 2007; Rijkswaterstaat Directie-Zuid-Holland, 
2003). It should be noted that the implementation of the specific average speed enforcement system that was evaluated 
coincided with a reduced speed limit from 100 km/h to 80 km/h and that the proportion of the observed reduction attributable 
to average speed enforcement therefore could not be reliably determined.  
 
The existing body of literature again suffers from a number of methodological limitations (see Section 4 for a more detailed 
discussion). Nonetheless, the consistency of the findings is encouraging and suggests a need for more scientifically rigorous 
research. 
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Table 1. Summary of findings of the effect of average speed enforcement on vehicle speeds. 
 
Source Location/s Details of system/s Main findings 
England    
Stakeholder consultation 
provided data (2011) 
Nottingham & 
Northampton  
11 sites across 
Nottingham and 2 in 
Northampton 
Across the sites: 85th percentile speeds reduced by average of 14.4% (range 30.3% decrease to 2.7% increase) – 
only one site increased; average speeds reduced by average of 12.5% (range 30% decrease to 4.8% increase) -2 
sites increase, one remained unchanged; proportion of vehicles above speed limit ranged from 0.05% to 7% - only 
2 sites above 0.5%; less than 0.025% of vehicles exceeding speed limit by more than 15mph at all sites 
Speed Check Services 
(2010) 
Nottingham A610 (30mph); A6514 
(40mph); both 
permanent 
Comparing 3 yrs prior to 3 yrs post installation; 85th percentile speeds reduced from 44mph to 40mph (9.1%) on 
the A6514 and 39mph to 30mph (23.1%) on the A610; average speed reduced from 33mph to 24mph (27.3%) on 
the A610 
Speed Check Services 
(2010) 
Northampton A43 (50mph); 
permanent 
Comparing 3 yrs prior to 3 yrs post installation; 85th percentile speeds reduced from 58mph to 45mph (22.4%) 
Speed Check Services 
(2010) 
South 
Yorkshire 
A616 (40mph); 
permanent 
Comparing 3yrs prior to 3yrs post installation: proportion of vehicles exceeding speed limit reduced from 45% to 
15% (eastbound – 66.6% reduction) and from 20% to 4% (westbound – 80% reduction) – no explanation for 
difference in compliance by direction 
Speed Check Services 
(2010) 
Hertfordshire M1 Jn 6a-10 (50mph 
reduced limit); 
temporary during 
roadworks 
Comparing 3yrs pre to 2yrs post installation: 85th percentile speed 50.1mph; average speed 47.9mph; 15.8% of 
vehicles exceeding speed limit; only a few hundred tickets issued per week (despite considerable traffic flow – up 
to 14,000 vehicles an hour during peak times) 
Thornton (2010) Various 
locations 
Various road types; 
both permanent and 
temporary 
On the 70mph section of motorway enforced by average speed enforcement, 60% of vehicles were observed 
within a 5mph range (compared to 60% of vehicles travelling within a 15mph range on a similar stretch of road not 
enforced by average speed enforcement). On a 50mph section of motorway temporarily enforced with average 
speed enforcement during roadworks, 60% of vehicles were observed within a 3mph range 
Highways Agency & Atkins 
Consultants (2009); Collins 
(2010) 
Cambridge A14 (NSLa); permanent At the 6 camera sites average speeds were reduced at 4 sites, but increased at 2 sites (1mph and 5mph). 85th 
percentile speeds were reduced at 4 sites, unchanged at 1 site and increased by 3mph at 1 site. In first 3 years of 
operation only 1,077 infringements issued (0.0002% of vehicles travelling on section). Overall speed variation 
reduced with only 0.1% exceeding the 70mph limit 
Charlesworth (2008) Various 
locations 
Various road types; 
both permanent and 
temporary 
Typical speed profile for road sections enforced with average speed enforcement systems suggest that most 
vehicles travel within 3mph of the posted speed limit 
Stephens (2007) Exeter M5 Jn 29-30 (50mph 
reduced limit); 
temporary during 
roadworks 
Reduction in average speeds (to below 50mph) maintained throughout period of the roadworks; reduction in 95th 
percentile speeds to less than 55mph; reduction in difference between 95th percentile and average speeds from 
16mph to 6mph; average 45 offences per week (approx. 210,000 weekly traffic volume)  
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Table 1. Summary of findings of the effect of average speed enforcement on vehicle speeds (continued). 
 
Source Location/s Details of system/s Main findings 
England (cont’d)    
Speed Check Services 
(2007) 
Staffordshire M6 Jn 12-13 (40mph 
reduced limit); 
temporary during 
roadworks 
85th percentile speed 38mph; average speed 36mph; proportion of vehicles exceeding speed limit 3.5% 
Gains, et al. (2005) Nottingham & 
Northampton 
Various sites Average speeds reduced by 1.6mph; 85th percentile speeds reduced by 3.6mph; proportion of vehicles exceeding 
the speed limit reduced by 53%; reported as being particularly effective in reducing the number of vehicles 
exceeding the speed limit by more than 15mph 
Barker (2005) Nottingham & 
Northampton 
Various sites Reported on findings from a four-year evaluation: average offence rates on Nottingham Ring Road were 0.02%; 
daily offence rate reduced from 13 to 8 (38.5%) in Northampton 
Palmer (1999) Kent M20 & M1 (speed 
limit unknown); trial 
sites 
Speed offences reduced by approximately 30% even though no infringements were formally issued during the trial 
Scotland    
Speed Check Services 
(2010); A77 Safety Group 
(2007, 2008); Scottish 
Safety Camera Programme 
(2006); Townsend (2006) 
Strathclyde A77 (NSLa); 
permanent  
In first 3 yrs of implementation: number of vehicles exceeding the speed limit reduced by approximately 90% on 
dual carriageway sections and by 80% on single carriageway sections; only 1,027 infringements issued (320 
infringement in first two years despite estimated traffic flow of 24 million vehicles during same period) - 707 
infringements issued during third year following the introduction of a 50mph section within the enforced route (March 
2008), despite prominent signage, VMS and extensive publicity campaign 
Collins & McConnell (2008) Glasgow M8 Jn 28 (speed limit 
unknown); temporary 
during roadworks 
Offence rates only 0.2%; average daily infringements reduced from more than 100 to less than 10 
 
Netherlands    
Stoelhorst (2008); Stefan 
(2005); KfV (2007); RWS 
(2003) 
Rotterdam A13 (80 km/h – 
reduced from 100 
km/h); permanent 
Free-flow average speeds reduced by 15-20 km/h; average speed reduced from 100 km/h to 80 km/h for passenger 
vehicles and 90 km/h to 80 km/h for heavy vehicles; speed variation and 85th percentile speeds also reduced (exact 
amounts not detailed); offence rates reduced from 4.6% to 0.6% (weekday) and 0.9% (weekend) - estimated traffic 
volume of 124,000 vehicles per day 
Malenstein (1997) Amsterdam A2 (120 km/h); 3 trial 
sites 
Average vehicle speeds reduced from 115 km/h to 106 km/h (7.8%); proportion of vehicles exceeding the speed 
limit reduced by 90% 
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Table 1. Summary of findings of the effect of average speed enforcement on vehicle speeds (continued). 
 
Source Location/s Details of system/s Main findings 
Austria    
Stefan (2006) Vienna A22 Tunnel (80 km/h 
cars & 60 km/h HGV); 
permanent 
Passenger vehicle speeds reduced by 10 km/h during daytime conditions and 20 km/h during night-time conditions; 
heavy vehicle speeds reduced by 15 km/h during daytime conditions and 20 km/h during night-time conditions; 
approximately 40,000 infringements in first year of operation (estimated traffic volume of 29 million vehicles during 
same period) representing an offending vehicle in every 725 vehicles 
Italy    
Cascetta & Punzo (2011) Naples A56 (80 km/h); 
permanent 
Comparing 1 week pre with 1 week post installation data: mean speed reduced from 80.8 km/h to 71.7 km/h; 
proportion of speeding vehicles reduced from 51.6% to 17.4% (66.3% reduction); proportion of vehicles excessively 
speeding (40 km/h + over) reduced from 1.2% to 0.1% (91.7% reduction); speed variance reduced from 18.1 km/h 
to 12.1 km/h (33.1%); reductions greater during free-flow conditions compared to peak-hour; findings consistent 
across the majority of A56 sections (some sections with irregular road alignment showed smaller reductions or 
increased speed variations) 
ASPI (2009); Galata (2007) Italy Review of all sites Significant reduction in average speeds of 15% during first 12 months of operation (down by 16 km/h); maximum 
speeds reduced by 23 km/h (25%). More recent results: mean speeds further reduced by 9.1 km/h; reductions 
larger during free-flow conditions compared to peak-hour 
France    
Speed Check Services 
(2004) 
France Various sites (90 
km/h); advisoryb 
mobile/ temporary 
system 
System evaluated under three conditions/stagesc: vehicles detected exceeding 110 km/h (in 90 km/h zone) = Stage 
1 (76%), Stage 2 (39%), Stage 3 (24%) 
Schwab (2006) Rhone Valley A7 (90 km/h & 110 
km/h phases); 
temporary during 
roadworks 
During 90 km/h phase: 80% driving at less than 100 km/h; during the 110 km/h phase: 90% of motorists driving at 
115 km/h or less; overall: 68% of speeding motorists less than 10 km/h over the speed limit 
Czech Republic    
KfV (2007) Czech 
Republic 
Unknown Proportion of vehicles exceeding the speed limit reduced by 70% after first year of implementation 
Australia    
Cameron (2008) Victoria Hume Highway (100-
110 km/h); permanent 
Average daily offence rate 1-2% (estimated daily traffic volume up to 100 000 vehicles) 
a. National Speed Limit. Differs by vehicle and road type. For a full outline see http://www.direct.gov.uk/.   
b. VMS signs displayed warning messages to motorists detected exceeding the speed limit – signs included captured speed, number plate and “Warning – Slow Down” message. 
c. Stage 1 = no speed advisory equipment in place, Stage 2 = VMS displaying blank messages, Stage 3 = system fully operational (displaying messages as per note 3). 
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3.3 Ancillary benefits associated with average speed enforcement 
 
As noted previously, a number of evaluations have demonstrated that reductions in speed variability associated with 
average speed enforcement, and subsequent increased headway, can produce the ancillary benefits of more homogenised 
traffic flow and increased traffic capacity (Collins, 2007a, 2007b; Collins & McConnell, 2008; Koy & Benz, 2009; Malenstein, 
1997). The stop-start motion associated with fixed and mobile speed cameras, created by acceleration and braking close to 
camera sites, has been shown to have a detrimental impact on traffic flow (Keenan, 2002; Wegman & Goldenbeld, 2006). 
However, this issue is largely negated when average speed enforcement is employed. Evaluations of the approach have 
shown reductions in journey travel times, particularly during peak periods (Cascetta, Punzo, & Montanino, 2011; Collins & 
McConnell, 2008) and improvements in traffic flow through reduced traffic congestion and bottlenecking (Cascetta, et al., 
2011; Malenstein, 1997; Schwab, 2006; Speed Check Services, 2008b; Stefan, 2005; Stevens, 2007).  
 
A number of studies have also investigated the impact of average speed enforcement on fuel consumption and vehicle 
emissions. A recent study conducted in the United Kingdom compared the estimated fuel consumption and emissions for 
vehicles on 70mph and 50mph motorway sections that were and were not monitored by average speed enforcement 
(Thornton, 2010). Results revealed that, compared to the unenforced section of motorway, average speed enforcement was 
estimated to improve fuel consumption for an average car by 4.87 miles per gallon (mpg) when 70mph limits were enforced 
and 15.92mpg when 50mph limits were enforced. Moreover, average speed enforcement was estimated to reduce CO2 
emissions by 850 metric tonnes per mile each year when 70mph limits were enforced and 2,214 metric tonnes per mile 
when 50mph limits were enforced. These estimates, which were argued to be conservative, suggest an 11.3% reduction in 
fuel and emissions when 70mph limits are enforced on motorway sections and 29.5% reductions when 50mph limits are 
enforced.  
 
In Italy, a before-after study was conducted to investigate the impact of average speed enforcement, combined with a 
reduction in the speed limit from 100km/h to 80km/h, on vehicle emissions and fuel consumption (Cascetta & Punzo, 2011; 
Punzo & Cascetta, 2010). Detailed data were collated regarding individual-vehicle section speeds on several sections of the 
motorway during various reference periods (e.g., weekday peak hours, free-flow hours, entire week) to control for the 
influence of road geometry and traffic conditions. Results suggest that average speed enforcement produced significant 
reductions in fuel consumption of 387.9 tonnes per year; however this finding was limited to instances in which congestion 
was not particularly heavy. Reductions in emissions were also reported, with CO reduced by 15.3% (47.6 tonnes/year), NOx 
by 4.6% (2.4 tonnes/year), PM10 by 6.4% (117.8 kg/year) and CO2 by 5% (1 235 tonnes/year).  
 
Two similar studies have also been conducted in the Netherlands, using modelling approaches to evaluate the impact of 
average speed enforcement, combined with reduced speed limits from 100 km/h to 80 km/h, on traffic emissions (Grunnan 
et al., 2008; Stoelhorst, 2008). The study performed by Stoelhurst evaluated changes in vehicle emissions on the A13 in 
Overschie under two scenarios, the first aimed at optimising air quality by setting speed limits at 80 km/h at all times and the 
second aimed at balancing air quality and traffic efficiency by instituting the 80 km/h limit during peak hours only. Effects 
were estimated for both the main and secondary road networks. Results suggested that the traffic efficiency scenario 
produced only negligible differences for either the main or secondary networks. Conversely, the air quality scenario reduced 
PM10 (small particles) emissions by 11.5% and NOX emissions by 5.8% on the main network, however slightly increased 
emissions when considering the entire network. Finally, Grunnan and colleagues reported that, when accounting for 
historical, meteorological and traffic conditions, average speed enforcement on the A13 reduced NOX emissions by 15-25% 
and PM10 of 25-34% within 200 metres of the site and improve total air quality in the area of Overschie, with a reduction in 
NO2 of 7% and in PM10 of 4%. 
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Table 2. Summary of findings of the effect of average speed enforcement on traffic crashes. 
 
Source Location/s Details of system/s Main findings 
England    
Stakeholder 
consultation provided 
data (2011) 
London, 
Northampton, 
Nottingham, 
South 
Yorkshire 
1 site in London, 2 in 
Northampton, 11 in 
Nottingham, 1 in South 
Yorkshire 
Comparing 2yrs pre to 2-6yrs post installation (adjusted), across sites: KSI crashes reduced by average of 51.6% - 
1 site 91.8% increase, 4 sites 1-33% reduction, 2 sites 34-66% reduction, 8 sites 67-100% reduction; all casualties 
reduced by average of 41.8% - 2 sites increased (3.3% & 6.2%), 3 sites 1-33% reduction, 7 sites 34-66% reduction, 
3 sites 67-100% reduction; number of KSI collisions reduced on average by 64.9% - no sites increased, 2 remained 
unchanged; number of casualty collisions reduced on average by 73.5% - all sites decreased (range 53.8% to 85%) 
Speed Check Services 
(2010) 
Nottingham A610 (30mph); A6514 
(40mph); both permanent 
Comparing 3yrs prior to 7-8yrs post installation (adjusted): across all sites KSI crashes reduced by 65%; KSI 
crashes reduced by 53% on the A6514 and 45% on the A610; PIC crashes reduced by 46% on the A6514 and 60% 
on the A610; fatalities reduced from 6 to 1 on the A6514 and from 3 to 0 on the A610 
Speed Check Services 
(2010) 
South 
Yorkshire 
A616 (40mph); 
permanent 
Comparing 3yrs prior to 5yrs post installation (adjusted): KSI crashes reduced by 82% (annual average reduced 
from 6.67 to 1.2; fatalities from 3 to 0.2, seriously injured from 3.67 to 1) 
Speed Check Services 
(2010) 
Hertfordshire M1 Jn 6a-10 (50mph 
reduced limit); temporary 
during roadworks 
Comparing 3yrs pre to 2yrs post installation: Fatalities reduced from 2 to 0, serious injury crashes reduced by 64%; 
minor injury crashes reduced by 53%. Argued to represent an annual saving in social costs of £6.8m 
Speed Check Services 
(2010); Speed Check 
Services (2009a) 
Thames 
Valley 
M4 Jn 10-12 (50mph 
reduced limit); temporary 
during roadworks 
Comparing 3yrs pre to 1yr post installation: KSI crashes reduced from 7 to 0; minor injury crashes reduced from 3yr 
pre annual average of 20.3 to 14 
Speed Check Services 
(2009b, 2010) 
Northampton A43 (50mph); A428 
(60mph); both permanent 
Comparing 36mths prior to 61mths post installation (adjusted): KSI crashes reduced by 77.9% on the A43 (annual 
average reduced from 2.67 to 0.59) 
Comparing 50mths prior to 50mths post installation: KSI crashes reduced by 85.2% on the A428 (annual average 
reduced from 6.5 to 0.96; fatalities from 2.9 to 0.24, seriously injured from 3.6 to 0.72) 
Highways Agency & 
Atkins Consultants 
(2009); Collins (2010) 
Cambridge A14 (NSLa); permanent Compared 5 yrs pre to 13 months post full-installation (e.g., excluding construction period): Significant reduction in 
rate of PIC from 70.4/year to 41.5/year (41.1%); reduction in PIC/mvkm from 0.119 to 0.068 (42.8% reduction; 
compared to national average of 0.169); severity index of crashes reduced from 13% to 2% (84.6% reduction); no 
fatalities in first 13 months of full-operation. More recent data (3 years post-implementation) shows a 65.4% 
reduction in serious injury crashes and a 20.2% reduction in minor injury crashes. 
Speed Check Services 
(2009b) 
Nottingham A631 (30mph); B6004 
(30/40mph); both 
permanent 
Comparing 36mths prior to 28mths post installation: KSI crashes reduced from 2 to 0 on the A631 
Comparing 36mths prior to 39mths post installation (adjusted): KSI crashes reduced by 72% (annual average 
reduced from 4.33 to 1.23) on the B6004 
Keenan (2002)  Nottingham M1 (speed limit 
unknown); trial system 
Casualty crashes reduced by 36.4% in first year of implementation 
Stephens (2007) Exeter M5 Jn 29-30 (50mph 
reduced limit); temporary 
during roadworks 
During 5 month roadworks period there were no injury crashes – in similar periods for three years prior the average 
number of injury crashes was 2.3 – this reduction was not statistically significant 
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Table 2. Summary of findings of the effect of average speed enforcement on traffic crashes (continued). 
 
Source Location/s Details of system/s Main findings 
Scotland    
Stakeholder 
consultation provided 
data (2011); A77 Safety 
Group (2007, 2008) 
Strathclyde A77 (NSLa); permanent  Comparing 5yrs pre to 5yrs post installation (crashes within enforced area): all crashes reduced by 25.3% (from 296 
to 221); fatalities reduced by 50% (from 14 to 7); serious injury crashes reduced by 40.6% (from 64 to 38); minor 
injury crashes reduced by 19.3% (from 218 to 176). 
Reported crash reductions at earlier follow-ups after implementation:  
‐ Comparing 3yrs pre to 2yrs post: all injury crashes reduced by 20.1%,  fatal crashes by 33.3%, serious injury 
crashes by 34.4%, minor injury crashes by 15.6%; casualties from all injury crashes reduced by 32.1%, 
fatalities by 53.8%, serious injuries by 48.1%, minor injuries by 27.3% 
‐ Comparing 3yrs pre to 3yrs post: average annual crash rate reduced by 19%, fatal crash rate by 46% (from 4.3 
to 2.3), serious injury crash rate by 35% (from 17.3 to 11.3) 
Netherlands    
KfV (2007); RWS 
(2003) 
Rotterdam A13 (80 km/h – reduced 
from 100 km/h); 
permanent 
All crashes reduced by 47%; fatalities reduced by 25%; evidence of diffusion of benefits effect, with crashes 
reduced by 10% up- and downstream of the enforcement site (no information regarding specific distance) - 
implementation of system coincided with a reduction in the speed limit from 100 km/h to 80 km/h, thus proportion of 
the observed reduction attributable to average speed enforcement cannot be reliably determined 
Austria    
Stefan (2006) Vienna A22 Tunnel (80 km/h cars 
& 60 km/h HGV); 
permanent 
Comparing 3yrs prior to 2yrs post installation (adjusted): all injury crashes reduced by 33.3%; fatal and serious 
injury crashes reduced by 48.8% (no fatalities in first two years of system operation); minor injury crashes reduced 
by 32.2%; noted that tunnel had lower than average crash rates compared to other sections of the motorway 
Italy    
ASPI (2009); Galata 
(2007) 
Italy Review of all sites In first year of operation (on Tutor sections): fatalities reduced by 50.8% (compared to 6.7% reduction on all ASPI 
network); serious injury crashes reduced by 34.8% (compared to 11.4% reduction on all ASPI network); crash rate 
per million kilometres driven reduced by 22% (compared to 12.7% reduction on all ASPI network) – reductions on 
entire ASPI network may represent diffusion effects 
Cascetta & Punzo 
(2011); Punzo & 
Cascetta (2010) 
Naples A56 (80 km/h, lowered); 
permanent 
Comparing equivalent 8mths pre to 8mths post installation: significant reduction in injury crashes of 38.8% (from 
116 to 71) and fatal crashes from 4 to 0 
 
a. National Speed Limit. Differs by vehicle and road type. For a full outline see http://www.direct.gov.uk/.    
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3.4 Driver perceptions of average speed enforcement 
 
At noted earlier, previous research has highlighted the relative prevalence of speeding behaviours (Allsop, 1995; Glendon, 
2007), as well as the general social acceptability of speeding behaviour, particularly at low levels above the posted speed 
limit (Fleiter & Watson, 2006; Hatfield & Job, 2006). Moreover, traditional camera-based speed enforcement 
countermeasures, such as fixed and mobile cameras, are often criticised by drivers who argue that speed cameras 
measuring instantaneous or spot speed fail to acknowledge extenuating circumstances for speeding or momentary lapses in 
concentration which are argued not to be indicative of typical speed behaviour (Goldenbeld, 2002). Given that average 
speed enforcement monitors driver speeds across a greater section of the road network, many of these criticisms are 
removed from the equation. Thus, it is not surprising that a number of driver survey studies have revealed relatively high 
levels of driver acceptance associated with the approach (Malenstein, 1997; Stefan, 2005; van Schagen, Wegman, & 
Roszbach, 2004). 
 
Indeed, driver acceptance was reported to be high during the initial implementation of average speed enforcement in the 
Netherlands, with 75% of motorists reporting that they perceived the approach to be fairer than other types of automated 
speed enforcement (Malenstein, 1997). The underpinning factor for such positive perceptions appeared to be the enhanced 
fairness associated with the measurement of speeding behaviour over a greater section of the road network rather than 
snapshot measurements associated with instantaneous speed cameras. Few motorists expressed concerns regarding 
privacy of information captured by the camera systems and reduced braking (e.g., stop-start motion) in the immediate 
vicinity of the camera sites was also reported.  
 
More recently in the United Kingdom, a driver survey revealed that 74% of motorists reported compliance with average 
speed enforcement systems (Charlesworth, 2008). However, only 18% of respondents reported that average speed 
enforcement encouraged them to drive to the speed limit on roads not enforced by the countermeasure. Improved traffic 
flow, greater vehicle headway and increased attention to the road environment were cited as factors contributing to 
acceptance of the approach.  
 
Positive findings were also reported in a survey of over 1000 motorists in France, with 61% of respondents reporting beliefs 
that the approach is a good initiative, 73% reporting reductions in their vehicle speed choices in association with the system 
(despite it being advisory only and not including an enforcement component), 54% believing it promoted increased driver 
responsibility and 17% suggesting the system produced a road safety benefit (Schwab, 2006). Similar rates of support have 
also been reported in other driver surveys conducted in Europe, with up to 70% of motorists supporting average speed 
enforcement (Kuratorium fur Verkehrssicherheit, 2007; SWOV Institute for Road Safety Research). Moreover, a recent 
British driver survey revealed that 72% of respondents would support the introduction of average speed enforcement on 
20mph residential roads (Crawford, 2009). Finally, a representative telephone survey of 315 motorists in the Australian state 
of New South Wales showed that 63% of respondents supported the use of average speed enforcement, despite the 
approach only being used to monitor heavy vehicle speeds at the time the survey was conducted (Walker, Murdoch, Bryant, 
Barnes, & Johnson, 2009).   
 
3.5 Costs-benefit analyses 
 
Estimating the cost of a ‘typical’ average speed enforcement system is inherently difficult due to the variation in site 
configuration and technological characteristics. For example, the number of cameras, whether they are forward or rearward 
facing or both, the number of lanes to be monitored, the traffic volume at a particular site (which affects processing and data 
storage requirements), the use of overhead or pole-mounted infrastructure and the general location of the system (e.g., 
urban versus regional/rural) all affect system costs. That said, it can be argued that, compared to other speed enforcement 
approaches, the implementation of average speed enforcement systems is a relatively expensive enterprise, exacerbated by 
considerable on-going operational and maintenance costs.  
 
To date, there is a paucity of cost-benefit analyses in association with the implementation of average speed enforcement 
systems. Nonetheless, the findings are promising and suggest considerable returns on investment with respect to social and 
economic savings. In a report prepared by the Highway Agency and Atkins Consultants (2009), average speed enforcement 
on the A14 from Huntingdon to Cambridge in England was found to produce a significant annual crash cost reduction of 
£2.2 million in the first year of full-implementation. More recent estimates calculated three years after the implementation of 
the system suggest an annual overall cost-benefit of the system of £4.3 million (Collins, 2010). The use of a temporary 
system during roadworks on a major section of English motorway was also predicted to have resulted in a £13.6 million 
reduction in social costs due to casualty reductions across the two years the system was operational (Speed Check 
Services, 2008a). Finally, a cost-benefit analysis of the implementation of average speed enforcement in the Kaisermühlen 
 13 
 
tunnel in Austria, considering both impact on road traffic emissions and costs associated with crashes, suggested a benefit-
cost ratio of 5.3 (Stefan, 2006).  
 
A number of additional studies have estimated the potential cost-effectiveness of average speed enforcement using 
modelling approaches. In the United Kingdom, Thornton (2010) investigated the cost-benefits associated with average 
speed enforcement in relation to fuel consumption and vehicle emissions. Results suggested that implementation of the 
approach on 70mph motorways could produce reductions in CO2 of 850 tonnes per mile per year, equating to a carbon 
saving of £68,000 per mile, and a cost-benefit ratio of 2.72 when considering general costs associated with average speed 
enforcement systems. Moreover, it was estimated that enforcing 50mph motorway sections could produce a cost-benefit 
ratio of 7.08. It should be noted that these estimates do not include savings in social costs associated with traffic crashes or 
congestion which would likely increase the benefits.  
 
In Australia, a cost-benefit estimate was provided in a recent forward design study regarding the implementation of average 
speed enforcement in the Australian Capital Territory (Lynch, 2010). The analysis considered potential social cost savings 
associated with crash reductions as well as total capital and recurrent costs (e.g., implementation and operational costs) 
over a ten year period. Given that the objective was to justify the cost-effectiveness of the systems based on their road 
safety benefits, revenue from infringement notices was excluded from the cost-benefit analysis. The resulting estimate 
suggested that average speed enforcement would be associated with a cost-benefit ratio of between 7.4 and 12.5. It is 
worth noting that the authors estimated that, depending on traffic volumes and infringement rates, revenue from 
infringement notices could repay capital costs associated with the infrastructure in less than 12 months. In a similar study, 
Cameron (2008) investigated the potential cost-benefits of average speed enforcement in Western Australia. The report 
concluded that the approach showed promise as an effective speed enforcement method on highly-trafficked urban 
freeways and highways and particularly dangerous sections of rural highways. An economic analysis revealed 40 road links 
within the state where it was estimated that the approach would have a benefit-cost ratio of 10 or greater, with the top ten 
sites estimated to have a benefit-cost ratio of 27.9. Indeed, it was estimated that average speed enforcement would reduce 
serious and fatal injury crashes by 33.3% and medical treatment crashes by 12.6%.  
 
3.6 Comparison of effects between average speed enforcement and other types of speed enforcement  
 
Only a handful of studies have attempted to directly compare the effects of average speed enforcement with other camera-
based speed enforcement approaches. In England, a unique natural experiment was conducted during roadworks on a 
major section of motorway involving instantaneous speed enforcement used during phase one of the works and average 
speed enforcement used during the second phase of the project (Charlesworth, 2008). Results revealed that offence rates 
were 11 times lower during operation of the average speed enforcement system and non-injury collisions were reduced from 
13 to 0 when comparing the year prior to and following the implementation of the temporary system.  
 
In a four-year evaluation of speed cameras of all types in England, the use of average speed enforcement in Nottingham 
and Northamptonshire was compared to data for 502 fixed camera sites and 1,448 mobile camera sites (Gains, et al., 2005). 
Encouragingly, all types of cameras produced reductions in average speeds, 85th percentile speeds and the proportion of 
vehicles exceeding the speed limit in the immediate vicinity of the camera site. In all instances fixed speed cameras 
produced the greatest reductions, followed by average speed cameras (see Table 1 for a description of the effects) and 
mobile speed cameras. Consistent with previously discussed findings, average speed enforcement was found to be 
particularly effective in reducing the proportion of vehicles excessively exceeding the speed limit (i.e., by more than 15mph). 
Also in the United Kingdom, Keenan (2002) compared the early implementation of average speed enforcement in 
Nottingham with three fixed camera sites. Results revealed a reduction in crash rates at the average speed enforcement site 
and increased crash rates at all three fixed camera sites.  
 
4. Discussion 
 
A review of the literature investigating the effectiveness of average speed enforcement suggests that there is considerable 
evidence to demonstrate a positive influence of the approach on vehicle speeds and crash rates. Specifically, studies have 
shown that the implementation of average speed enforcement has been associated with reductions in average and 85th 
percentile speeds, the proportion of speeding vehicles and speed variability. Perhaps more importantly, the approach has 
been noted as a particularly effective countermeasure in reducing excessive speeding behaviour. This finding has 
considerable implications for road safety given the exponential relationship between vehicle speed and crash risk (Kloeden, 
et al., 2002) and evidence that other camera-based speed enforcement approaches (e.g., fixed and mobile speed cameras) 
produce site-specific behaviour changes that are largely limited to the immediate vicinity of the enforcement activity 
(Champness, Sheehan, & Folkman, 2005). Following on from the reduction of vehicle speeds, numerous studies have also 
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demonstrated considerable reductions in crash rates, particularly fatal and serious injury crashes in association with average 
speed enforcement systems.  
 
While average speed enforcement has been demonstrated to produce compliance over a greater section of the road 
network, there is still limited evidence that the approach influences speeding behaviour or reduces crashes outside the 
immediate vicinity of the enforced section. Thus, at this point in time, average speed enforcement cannot be viewed as a 
silver bullet for speed enforcement and must be used strategically in conjunction with existing automated and manually-
operated speed enforcement approaches in order to promote greater compliance with posted speed limits across larger 
sections of the road network.  Indeed, the use of average speed enforcement should be viewed as being complementary to 
other approaches, rather than a replacement for existing efforts. Determining the optimal mix of various approaches is likely 
to vary substantially between and within jurisdictions based on numerous road network and socio-political factors. In addition, 
average speed enforcement should not represent a long-term alternative to addressing underlying road design or 
maintenance deficiencies on sections of road, which would be better addressed through engineering solutions.  
 
Average speed enforcement has also been cited as producing a number of ancillary benefits, including more homogenised 
traffic flow and increased traffic capacity resulting from reduced vehicle speed variability and subsequent increased 
headway. Specifically, reduced congestion resulting from improved traffic flow due to less speed variation equates to higher 
volumes of traffic being able to travel through a stretch of road before breakdown or bottlenecking in the traffic flow occurs. 
This increases the capacity of the existing road network and improves journey time reliability without the necessity to widen 
the road or increase the number of lanes, both of which are expensive exercises requiring significant infrastructure and 
technological investment. 
 
The literature also provides some evidence of the positive impact of average speed enforcement on vehicle emissions and 
fuel consumption. However, studies investigating such outcomes are sparse and have largely originated from countries 
where improved air quality was an underlying objective of the implementation of average speed enforcement systems. In 
addition, many studies have been limited to the modelling of anticipated benefits. Further research should explore the 
relationship between average speed enforcement and vehicle emissions by scientifically measuring actual emissions levels. 
In addition, research should also be conducted in countries where air quality improvements do not represent a fundamental 
objective of the system (e.g., Australia) and in association with a greater variety of systems. 
 
A number of studies conducted in various countries have demonstrated that average speed enforcement appears to be well 
accepted by motorists as a fair approach to speed management with obvious road safety benefits that extend across a 
greater section of the road network. Nonetheless, this finding should not be construed as suggesting that more traditional 
camera-based speed enforcement approaches are not fair and, therefore, careful attention is required when promoting 
average speed enforcement to the motoring public to negate such an idea if traditional automated enforcement techniques 
are to continue to be successful at reducing speeds. Given the relatively low self-reported compliance with speed limits on 
parts of the road network where average speed control does not operate (Charlesworth, 2008), there appears to be more 
work needed to convince motorists to modify their overall speeding behaviour. Finally, from the limited evidence available it 
appears that average speed enforcement is associated with long-term net economic benefits, which can be justified based 
on reductions in social costs alone, rather than revenue raised, which emphasises the underlying road safety objectives 
associated with the implementation of the approach. 
 
As highlighted throughout the paper, the existing body of literature evaluating the effectiveness of average speed 
enforcement is fraught with a number of methodological limitations. For example, confounding factors such as driving 
exposure and regression-to-the-mean have rarely been controlled for in evaluations conducted to date. The latter is 
particularly important given that an increase in crashes at a particular location is often the impetus behind the 
implementation of average speed cameras. Moreover, none of the reviewed studies utilised comparison/control sites which 
could have facilitated exploration of the influence of confounding factors. In addition, given that statistical significance testing 
was performed in only a handful of evaluations, the relative importance of any effects reported remains unclear. Finally, 
many studies represent non-independent research conducted by equipment manufacturers or the road safety organisations 
responsible for the operation and management of the average speed enforcement system being evaluated. Nonetheless, 
the consistency of findings is encouraging and has been demonstrated in relation to both permanent and temporary systems 
employed in various countries throughout the world.  
 
Taken together these findings lend support to increased implementation of average speed enforcement systems as a 
complementary approach to existing automated and non-automated approaches employed as part of a speed management 
strategy. Based on the findings presented in this study, it is recommended that implementation strategies should focus on 
using average speed enforcement systems on road sections with historically high crash rates or documented problems 
associated with excessive vehicle speeds, particularly where other enforcement strategies have been evidenced as being 
 15 
 
less effective or would be difficult to implement in a sustained manner. Given the paucity of available evidence, it is 
recommended that improvements in traffic flow and congestion, or reductions in vehicle emissions and noise, should not be 
the primary focus of site selection for average speed enforcement systems, even if they may be an ancillary benefit of the 
implementation of the system. Given the findings that motorists often report high acceptability of average speed 
enforcement, it is argued that the approach may represent a possible opportunity for jurisdictions to improve the public 
acceptance of overall enforcement efforts, where negative attitudes or perceptions may exist. Finally, site selection and 
system development should also consider the constraints of the approach (e.g., selecting sections of road with minimal 
opportunities for access and egress) and the needs of the jurisdiction (e.g., the requirement of rearward-facing cameras if 
speeding motorcycles are of particular concern).  
 
Future research should seek to improve on the scientific rigor of evaluations conducted to date. New implementations of 
average speed enforcement should involve a dedicated commitment to both process and outcome evaluations by 
independent research bodies employing more rigorous methodologies. Moreover, the impact of average speed enforcement 
systems on speeding behaviour and crashes across the wider road network should be more readily explored, as should the 
impact of the approach on other key environmental and social outcomes such as vehicle emissions and noise. In addition, 
the potential to expand the application of average speed enforcement systems also warrants further investigation. For 
example, the approach has historically been restricted to motorway settings, however a number of countries have begun 
installing systems on urban arterials (e.g., England, Australia). In addition, the use of mobile average speed enforcement 
systems should be developed, trialled and evaluated to determine their capability and effectiveness. The application of such 
systems would enhance enforcement capability at locations with temporary road safety concerns (e.g., roadworks sites with 
reduced speed limits) at significantly less cost and in a timelier manner than permanent systems. Moreover, mobile systems 
have the potential to increase the general deterrent effect of existing mobile speed camera operations given that motorists 
would be unsure when passing a mobile speed camera van whether they were passing a camera operating in isolation or as 
part of a system that will measure average speed between two or more points.  
 
5. Conclusions 
 
In summary, average speed enforcement is a more network-wide approach to managing speeds that can reduce the impact 
of time and distance halo effects associated with other automated speed management approaches. While there is evidence 
of reductions in both vehicle speeds and crash rates in the immediate vicinity of the enforced section, the diffusion of these 
benefits to the overall road network has not yet been fully assessed. Improvements in traffic flow, journey time reliability and 
vehicle emissions add to the social utility of the approach and are likely to contribute to high levels of driver acceptance. 
Although comparatively expensive, average speed enforcement it is a highly reliable and cost-effective approach to speed 
enforcement that is able to produce considerable returns on investment through reduced social and economic costs 
associated with crashes. 
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